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Description 

BACKGROUND OF THE INVENTION 

5 The present invention relates to a control system suitable for making a computer program in a vehicle 

engine control unit match the engine, chassis and driving environment and for adaptive correction thereof in 
accordance with secular or environmental variations of the vehicle, or more in particular to an adaptive 
control system suitably capable of controlling the engine under different control conditions and under the 
transitions among the control conditions. 

io The sole function of conventional program of engine control systems has been, as described in 
"Systems and Control", Vol. 24, No. 5, pp. 306 to 312, to supply a fuel injector and an ignition timing 
control unit, periodically with the results of calculations based on new observation data. In these systems, 
the idle engine speed control has been the only independent functional program. 

These prior art control systems are based on the observation values at respective time points for 

75 control of a vehicle engine, but includes no means for evaluating the engine control conditions with the 
passage of time or no means for categorizing the engine conditions with running. As a result, the 
controllability, and hence the riding quality or drivability in the transition say, from acceleration to 
deceleration, is accompanied by a problem. Also, it takes a long time to make a control program developed 
for a predetermined engine control model match the engine in a vehicle. 

20 EP-A-0 145 992 discloses a learning control system with the features set forth in the first part of claim 

1 . While that system classifies ranges of engine operation, the respective current condition is discriminated 
merely in accordance with the engine operation as a result of having been changed in response to the 
driver's action. Output values of the engine condition are measured, the corresponding signals are 
processed in accordance with the classified range of operation, and feed-back signals are produced to 

25 influence the engine operation. 

Other control systems that also operate on the basis of a feed-back control are described in JP-A-57- 
126534 and GB-A-2 162 897. Switching between tables of control values is described as being based on a 
time dependent function of the different control values of the different tables. 

30 SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a control system which permits comfortable driving 
under all control conditions of an electronically-controlled engine and is capable of improving the control in 
each engine control condition and, specifically, in transitions between engine control conditions for any 
35 vehicle, driving environment and/or driver. 

This object is met by the adaptive control system characterized in claim 1. 

In the control system of the present invention, the current engine condition is discriminated not only on 
the basis of signals derived from sensors detecting the actual operating condition of the engine but also 
from driving sensors that detect the driving operation based on the driver's intent, i.e. the intended driving 
ao operation before the actual operating condition of the engine is influenced by the driver's action. Smooth 
control of the transition between a current engine control condition and the next condition intended by the 
driver can thus be made. 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 

Fig. 1 is a diagram showing a configuration of an engine system using a condition discriminating-type 
control system according to the present invention. 

Fig. 2 is a block diagram showing a detailed functional configuration of the engine control system of 
Fig. 1. 

so Fig. 3 is a diagram showing the relationship between the vehicle conditions and the methods of engine 
control corresponding to the driver's intent. 

Fig. 4 is a condition transition diagram showing the transitions between engine control conditions. 
Fig. 5 is a flowchart for achieving the function of a condition discriminator 4 shown in Fig. 2. 
Fig. 6 is a flowchart for achieving the function of a history discriminator shown in Fig. 2. 
55 Fig. 7 is a flowchart for a mixing ratio compensation factor determination section 6 in Fig. 2. 

Fig. 8 is a flowchart for an air-fuel ratio control section 8, an acceleration control section 9, a 
deceleration control section 10, an idle speed control section 11 and an output section 12 in Fig. 2. 
Fig. 9 is a flowchart for a mixing ratio adaptation coefficient updating section 14 in Fig. 2. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The electronic engine control system according to the present invention will now be described by way 
of a preferred embodiment shown in the drawings. 
5 The engine control conditions are classified into four types including (1) A/F control, (2) acceleration 

control, (3) deceleration control and (4) idle speed control. Transitions available between these four 
conditions are indicated by circles in the transition matrix shown in the following Table : 
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On the basis of the accelerator pedal angle, brake pedal angle, engine speed and vehicle speed 
(vehicle conditions) and on/off of the torque transmission mechanism, the computer discriminates the four 
control conditions of the engine and executes the control for each condition. As the result of the control, the 
30 air-fuel ratio is measured at an exhaust gas sensor and the measurement is compared with a target air-fuel 
ratio for each condition for evaluation (the mixing ratio of fuel to air is used instead of the air-fuel ratio in 
computation). If the difference between the measurement and a target air-fuel ratio is considerable, the 
compensation factor for the mixing ratio for each control condition is adaptively corrected and updated. 

For switching the mixing ratio compensation factors between engine control conditions in transition from 
35 one to the other, a method suitable for each particular transition is taken while adaptively correcting and 
updating the parameters involved. 

Fig. 3 shows the engine operating conditions discriminated and categorized as mentioned above. The 
engine operating conditions may be represented in terms of the corresponding engine control methods. 
The vehicle conditions are roughly divided into a rest condition and a running condition. The driver's 
40 intents are discriminated on the basis of six different driver actions including the engaging or disengaging of 
the torque transmission mechanism, the depression of the brake pedal, non-depression of the brake pedal 
and the accelerator pedal, the depression of the accelerator pedal, the depressed accelerator pedal at rest 
and the restored accelerator pedal. 

When the torque transmission mechanism is on (engaged) and the accelerator pedal is depressed, an 
45 engine control for the acceleration requirement is performed. With the vehicle running, when the accelerator 
pedal is released and the brake pedal is depressed, a deceleration control is performed. At this time, when 
the accelerator pedal is released and the engine speed is excessively high, a fuel cut-off control is 
performed. In order to discriminate between the deceleration control and the fuel cut-off control, the engine 
speed is detected as an additional parameter, 
so In the running condition, if the vehicle is neither accelerated nor decelerated, an air-fuel ratio control is 
performed to maintain the air-fuel ratio at a desired value. 

Now, the depression and release of the brake pedal can be discriminated by the signal 0 br from the 
brake pedal angle detector 35. 

When the torque transmission mechanism is off, an idle speed control comes into action to control the 
55 engine speed to maintain it at a desired value. At this time, if the accelerator pedal is depressed, the 
switching to the previously mentioned air-fuel ratio control is effected despite the engine is racing. 

The method of discriminating and classifying the conditions of the vehicle and the intents of the driver 
to select the proper engine control method (operating condition) is well suited to progressively deal with the 



3 



EP 0 286 103 B1 



diverse requirements of the user of the vehicle and the introduction of new techniques which meet the 
requirements. To the design and development engineer as well as to persons who match the engine control 
methods with the actual vehicle (the adjustment of the parameters), this means an advantage of understand- 
ing only the engine control method corresponding to the required category. Thus a modification of the 
5 computer program requires only the modification of some modules and so on. Fig. 1 systematically shows a 
typical example of the structure of an electronic engine control system according to the present invention. 
Air sucked through an air cleaner 22 is passed through an air flow meter 24 to measure the flow rate 
thereof, and the air flow meter 24 delivers an output signal Ga indicating the flow rate of air to a control 
circuit 15. 

w The air flowing through the air flow meter 24 is further passed through a throttle chamber 28, an intake 
manifold 36 and a suction valve 42 to the combustion chamber 44 of an engine 1. The quantity of air 
inhaled into the combustion chamber 44 is controlled by changing the opening of a throttle valve 30 
provided in the throttle chamber 28. The opening of the throttle valve 30 is detected by detecting the valve 
position of the throttle valve 30 by a throttle valve position detector 34, and a signal 0th representing the 

75 valve position of the throttle valve 30 is supplied from the throttle valve position detector 34 to the control 
circuit 1 5. The position of an accelerator pedal 32 representing the amount of depression (angle) thereof is 
detected by an accelerator pedal position sensor 33 which in turn delivers a signal 0ac representing the 
depression angle of the pedal 32 to the control circuit 1 5. 

The opening of the throttle valve 30 is controlled by the accelerator pedal 32. 

20 The throttle chamber 28 is provided with a bypass 52 for idling operation of the engine and an idle 
adjust screw 54 for adjusting the flow of air through the bypass 52. When the throttle valve 30 is completely 
closed, the engine operates in the idling condition. The sucked air from the air flow meter 24 flows via the 
bypass 52 and is inhaled into the combustion chamber 44. Accordingly, the flow of the air sucked under the 
idling condition is changed by adjusting the idle adjust screw 54. The energy created in the combustion 

25 chamber 44 is determined substantially depending on the flow rate of the air inhaled through the bypass 52 
so that the rotation speed of the engine under the idling condition can be adjusted to an optimal one by 
controlling the flow rate of air inhaled into the combustion chamber 44 by adjusting the idle adjust screw 54. 

The throttle chamber 28 is also provided with another bypass 56 and an air regulator 58 including an 
idle speed control valve (ISCV). The air regulator 58 controls the flow rate of the air through the bypass 56 

30 in accordance with an output signal N| DL of the control circuit 15, so as to control the rotation speed of the 
engine during the warming-up operation and to properly supply air into the combustion chamber at a 
sudden change in, especially sudden closing of, the valve position of the throttle valve 30. The air regulator 
58 can also change the flow rate of air during the idling operation. 

The fuel from the fuel tank 70 is supplied under pressure to a fuel injector 76 through a fuel line 60, and 

35 an output signal INJ of the control circuit 15 causes the fuel injector 76 constituting fuel injection control 
device 2 with other electronic devices which are not shown in the drawing to inject the fuel into the intake 
manifold 36. 

The quantity of the fuel injected by the fuel injector 76 is determined by the period for which the fuel 
injector 76 is opened and by the difference between the pressure of the fuel supplied to the injector and the 

40 pressure in the intake manifold 36 in which the pressurized fuel is injected. It is however preferable that the 
quantity of the injected fuel should depend only on the period for which the injector is opened and which is 
determined by the signal supplied from the control circuit 10. Accordingly, the pressure of the fuel supplied 
by the fuel pressure regulator (not shown) to the fuel injector 76 is controlled in such a manner that the 
difference between the pressure of the fuel supplied to the fuel injector 76 and the pressure in the intake 

45 manifold 36 is kept always constant in any driving condition. 

As described above, the fuel is injected by the fuel injector 76, the suction valve 42 is opened in 
synchronism with the motion of a piston 85, and a gaseous mixture of air and fuel is sucked into the 
combustion chamber 44. 

The mixture is compressed and fired by the spark generated by an ignition plug 46 so that the energy 
so created through the combustion of the mixture is converted to mechanical energy. 

The exhaust gas produced as a result of the combustion of the mixture is discharged into the open air 
through an exhaust valve (not shown), an exhaust pipe 86, a catalytic converter 92 and a muffler 96. 

A X A sensor 90 is provided in the exhaust pipe 86 to detect the fuel-air mixture ratio of the mixture 
sucked into the combustion chamber 44. An oxygen sensor (0 2 sensor) is usually used as the X A sensor 90 
55 and detects the concentration of oxygen contained in the exhaust gas so as to generate a voltage signal 
corresponding to the concentration of the oxygen contained in the exhaust gas. The output signal of the X A 
sensor 90 is supplied to the control circuit 15. 

The control circuit 15 has a negative power source terminal 98 and positive power source terminal 99 
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which are connected to the output circuit 12 (not shown) included in the control circuit 15. 

In the event the control circuit 15 generates the signal IGN for causing the ignition plug to spark, the 
signal is delivered to the output circuit 12 to cause an IGN voltage to be applied to the primary winding of 
an ignition coil 50. 

5 As a result, a high voltage is induced in the secondary winding of the ignition coil 50 and supplied 
through a distributor 48 to the ignition plug 46 so that the plug 46 fires to cause combustion of the mixture 
in the combustion chamber 44. The mechanism of firing the ignition plug 46 will be further detailed. The 
ignition plug 46 has a positive power source terminal 102, and the control circuit 15 also has an output 
circuit 12 for controlling the primary current through the primary winding of the ignition coil 50. The series 

w circuit of the primary winding of the ignition coil 50 and the output circuit 12 is connected between the 
positive power source terminal 102 of the ignition coil 50 and the negative power source terminal 99 of the 
control circuit 15. When the output circuit is activated, electromagnetic energy is stored in the ignition coil 
50, and when the output circuit 12 is cut off, the stored electromagnetic energy is released as a high 
voltage to the ignition plug 46. The plug 46, distributor 48 and ignition coil 50 constitute the ignition control 

75 device 3. The engine 1 is further provided with a rotational sensor 108 for detecting the angular position of 
the rotary shaft of the engine, and the sensor 108 generates a reference signal N in synchronism with the 
rotation of the engine, e.g. every 360* of the rotation. 

A brake pedal angle detector 35 detects the position of a foot brake (not shown) and delivers signal 0br 
to the control circuit 15 when the foot brake is depressed. 

20 The output circuit has been discussed in connection with the energization of the ignitor coil 50 and fuel 
injection by fuel injector 76. The output circuit is also utilized for outputting the N, DL control signal to the air 
regulator 58. 

Fig. 2 is a block diagram showing a detailed software configuration of the control system 15 making a 
centerpiece of a condition discriminating-type adaptive control method for engines according to an 

25 embodiment of the present invention. 

In the configuration shown in Fig. 2, the control system comprises a condition discrimination section 4 
supplied with various parameters representing driver's activity and condition of vehicle for deciding one of 
the engine control conditions shown in Fig. 3, a history judgement section 5 for comparing the control 
condition with a past control condition, a mixing ratio compensation factor determining section 6 for 

30 calculating a fuel-air mixing ratio compensation factor in accordance with the control condition decided, and 
a control section 13 including an air-fuel ratio control section 8, an acceleration control section 9, a 
decleration control section 10 and an idle speed control section 11 selected in accordance with the result of 
condition discrimination. 

Further, the control unit 15 includes an output section 12 for adjusting and outputting a signal mode of 
35 these control section outputs, from which a control signal is applied to a fuel injection control unit 2 
including a fuel injector 76 and an ignition timing control unit 3 including an ignition plug 46. 

The control unit 15 includes a mixing ratio adaptation factor updating section 14 for correcting and 
computing the adaptation factor of the mixing ratio in response to a detection value of a linear oxygen 
sensor 90 for measuring the amount of oxygen in the engine exhaust gas and a history file 7 for storing this 
40 value and applying data to the history judgement section 5 and the mixing ratio compensation factor 
determining section 6. 

The condition discrimination section 4 detects the vehicle condition on the basis of the vehicle speed v 
produced from the vehicle speed sensor 77 and the engine speed N produced from the sensor 108, and 
also detects the driver's intent on the basis of the accelerator pedal angle flac produced from the 

45 accelerator pedal position sensor 33, the brake pedal angle 0br from the brake pedal angle detector 35 and 
the switching signal (on/off signal) from the torque transmission switch 75. The brake pedal angle 0br may 
be replaced with equal effect by a stop switch including a contact adapted to be turned on/off at a 
predetermined angle as a displacement point. 

The history judgement section 5 judges whether or not the engine control condition (m) decided at the 

50 time of the present sampling has changed from the condition (rrr 1 ) at the last sampling by making 
comparison with the storage in the history file 7 containing the data on the last sampling times, m indicates 
the number of current engine control condition and m~ 1 that of last engine control condition. The result of 
judgement at the history judgement section 5 is divided into two types: (1) the same control condition 
continued, and (2) under transition to a different control condition. 

55 A transition of engine control conditions is illustrated in Fig. 4. In Fig. 4, the engine control conditions 
include four types of air-fuel ratio control (hereinafter referred to as m = 1), acceleration control (m = 2), 
deceleration control (m = 3) and idle speed control (m = 4) and the transition stages between them. 

Fuel cut (FC) control is also one of the engine control conditions but is included in the deceleration 
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control. FC control starts from the deceleration control and returns to the deceleration control at the end 
thereof. The transition from FC control to acceleration control also passes through the logics of deceleration 
control. 

The history judgement section 5 judges whether (1) the same control condition is continued, or (2) the 

5 engine is under transition from one control condition to another, and on the basis of the result of this 
decision, the mixing ratio compensation factor determining section 6 calculates the mixing ratio compensa- 
tion factor Kmr corresponding to the condition (1) or (2). The result of determination at the section 6 is 
applied to one of the air-fuel ratio control section 8, the acceleration control section 9, the deceleration 
control section 10 and the idle speed control section 11. In this manner, the amount of fuel injection and the 

io ignition timing calculated at the control unit 15 are applied to the fuel injection control unit 2 and the ignition 
timing control unit 3 through the output section 12. 

On the other hand, whether or not the result of combustion based on the mixing ratio compensation 
factor Kmr has achieved a target mixing ratio K TR (X, Ga, N) (X : Condition before transition, Ga: Amount of 
intake air, N: Engine speed) is determined by measuring the combustion exhaust gas with a linear oxygen 

75 sensor (wide-range air-fuel ratio sensor) 90. The air excess rate thus measured X A (Air-fuel 
ratio/stoichiometric air-fuel ratio) is compared with a target mixing ratio (fuel-air ratio) and the result of 
comparison is determined as a mixing ratio adaptation coefficient k(Jt), which coefficient is stored in the 
history file 7 for utilization in the calculation of the amount of fuel injection under the same engine control 
condition at the next and subsequent samplings. 

20 Now, the processing operation of the control unit 15 for each functional block thereof will be explained 
in detail. Fig. 5 shows a flowchart for the condition discrimination section 4. This control condition 
discrimination section 4 is supplied with initial data including the on/off signal of the torque transmission 
mechanism, the vehicle speed v, accelerator pedal angle 0ac, brake pedal angle ebr, engine speed N and 
the time point t when the present sampling is read in the first place at step 501 . The next step 502 indicates 

25 the engine control condition (m) one sampling time before as m~ 1 for the convenience of program 
processing. If step 503 decides that the torque transmission mechanism is on, step 504 decides whether or 
not the accelerator pedal angle 0 ac is larger than "0". If the angle 0 ac is larger than zero, the process 
proceeds to the next step 505 for calculating the accelerator pedal angular speed 0 ac from (0 ac -0 ac ~ 1 )/ (t- 
t~ 1 ), where 0 ac _1 is the accelerator pedal angle read at the immediately preceding sampling time and t~ 1 

30 the time point of the immediately preceding sampling. The result of calculation at step 505 is compared 
with the maximum threshold value of accelerator pedal angle speed 0 aca at the next decision step 506, and 
if 0 a c ^ 0aca. step 51 1 compares the engine speed N with the maximum engine Na. If step 51 1 decides that 
N £ Na, it is decided that the engine control condition at the time point is acceleration (m = 2) (step 513), 
and in other cases, that the air-fuel ratio control (m = 1) is discriminated (step 512). 

35 If step 506 decides that the relations 0 ac £ 0 aca does not hold, step 507 compares the acceleration pedal 
angular speed 5 ac with the minimum threshold value of acceleration pedal angular speed 5 aC d . and if 0 ac £ 
5 a cd' step 514 decides that the air-fuel ratio control is discriminated (m = 1) if the speed v is larger than 
zero. 

If the decision at step 514 is "No", it indicates that the acceleration pedal angular speed 0 ac is not 
40 larger than the minimum threshold value of acceleration pedal angular speed 0 acd while the speed is "0", 

thereby representing some fault. As a result, step 515 raises an alarm and proceeds to the air-fuel control 

(m = 1) (step 516) which is on safe side. 

If step 507 decides that the relation 0 ac £ 5 acd does not hold, step 508 decides whether v is larger than 

zero, and if the answer is "Yes", it is decided that the deceleration control (m = 3) is discriminated. If step 
45 508 decides the other way, it indicates that the acceleration pedal angular speed 0 ac is not larger than its 

threshold value 0 acd and that the speed v is "0", thereby representing a fault. The step 509, like step 515, 

thus raises an alarm and proceeds to the deceleration control (m = 3). 

If the decision at step 504 is that the relation e ac > 0 does not hold, step 517 decides if the speed v is 

larger than zero or not. If the answer at step 517 is "Yes", step 518 decides whether the brake pedal angle 
50 0 br is larger than zero. If the answer is "No", the step 519 compares the engine speed N with the minimum 

deceleration speed Nd. If it is decided that N is larger than Nd at step 519, the deceleration control (m = 3) 

(step 521) is decided, and in the other case, the air-fuel ratio control (m = 1) (step 520) . If step 518 

decides that 0 b r is larger than zero, by contrast, the process jumps to the step 521 to decide on the 

deceleration control (m = 3). 
55 If the decision at step 517 is that v is not larger than zero, the process proceeds to step 525 of deciding 

whether or not the vehicle is equipped with automatic transmission (AT), and if the decision is "YES", step 

527 decides on the idle speed control (m = 4). Whether or not the vehicle is equipped with AT is set at the 

time of mounting the control unit on the vehicle. If step 525 decides that the vehicle is not equipped with 
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AT, it indicates that the vehicle is of manual transmission type with the acceleration pedal angle 0 a c open 
and the speed at zero, and therefore in order to prevent engine stall, an alarm is issued (step 526) and the 
idle speed control (m = 4) is discriminated (step 527). 

If the step 503 at the beginning of the flow chart decides that the torque transmission mechanism is off, 
5 step 522 decides whether the acceleration pedal angle 0 ac is larger than zero, and if the answer is "Yes", 
step 523 decides on the air-fuel ratio control (m = 1). If the decision is the other way, step 524 decides on 
the idle speed control (m = 4). This flow of operation achieves the function of the condition discrimination 
section 4. 

The history judgement section 5 will be explained in detail with reference to the flowchart of Fig. 6. The 
io control condition m at the present time received from the above-mentioned condition discrimination section 
4 is compared with the immediately preceding control condition m~ 1 at step 601 . If they coincide with each 
other, step 602 reads the immediately preceding control condition X , the number i of detonations occurred 
from the start of transition (the number of samplings mentioned above), and the number n (X, m) of 
detonations for smoothing in the process of transition from the condition X to the condition m from the 
75 history file 7. Step 603 increases the value i, followed by step 604 for deciding whether i 2 n (I, m), and if 
the answer is "Yes", it is decided that the same condition is continued, so that the value i is restricted to 
the same value n (X, m) with the values m and i stored. If the decision at step 604 is "No", on the other 
hand, it is decided that the transition is undergoing, and the process jumps to step 606 thereby to store the 
values m, i as they are. 

20 If the first step 601 decides that m is not equal to m~\ "1" is set as the value of i (step 607), and the 
immediately preceding condition m" 1 is applied to X (step 608). These values m, 1, i are stored. The 
history judgement is made by the aforementioned process flow, and the result of judgement is used for the 
process in the next mixing ratio compensation factor determining section 6. 

Fig. 7 shows a flow configuration of a mixing ratio compensation calculation for achieving the function of 

25 the mixing ratio compensation factor determining section 6. 

In the calculation of the mixing ratio compensation factor in Fig. 7, the section 6 is supplied with air flow 
rate Ga from the air flowmeter 24, the present control condition X from the above-mentioned history 
judgement section 5, the next control condition m, the number i of detonations occurred since the start of 
transition, and the number n (1, m) of detonations for smoothing in the process of transition from condition 

30 X to condition m at step 701. The next step 702 decides whether the same condition is continued (X = m), 
and if the same control condition is continued, step 703 applies the mixing ratio adaptation coefficient k (X) 
corresponding to the engine control condition X. Then, the mixing ratio compensation factor Kmr is 
calculated from equation (1) on the basis of the mixing ratio target coefficient K T r (X, Ga, N) determined by 
the control condition X , air flow rate Ga and engine speed N and the mixing ratio adaptation coefficient K 

35 (X). 

Kmr = K(X)-K TR (X,Ga, N) (1) 

If step 702 decides that the control condition is under transition from X to m, the process proceeds to 
40 step 705 for application of the mixing ratio adaptation coefficients K(X) and K(m) for the conditions X and m 
respectively. Step 705 calculates the weighted average of the mixing ratio target coefficient K T r (X Ga, N) 
for the control condition X and the mixing ratio target coefficient K T r (m, Ga, N) for the control condition m 
in the manner shown in equation (2) thereby to determine the mixing ratio compensation factor Km R under 
transition. 

45 



K(m)K (m, Ga, N) . .. (2) 



55 By use of the mixing ratio compensation factor Kmr produced by the foregoing steps, one of the air-fuel 
ratio, acceleration, deceleration and idle speed controls 8, 9, 10, 11 is effected as shown at steps 801 to 
809 in Fig. 8, and further followed by the processing at the output section 12 shown by steps 810 to 813 in 
the same diagram. 
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Step 801 calculates the amount of fuel injection Gf from the predetermined mixing ratio compensation 
factor Kmr, stoichiometric mixing ratio MR, air mass flow rate Ga and engine speed N in the manner shown 
by equation (3) below. 

5 Gf = IWMR-^ (3) 

Step 802 determines the ignition timing Ig from the equation (4) below as a function of the fuel injection 
amount of Gf and the engine speed N in the well-known manner. 

io Ig = f(Gf, N) (4) 

If step 803 decides that m = 1, A/F control is involved. While in the case that step 803 decides m is 
not 1 , the process proceed to step 804. 

If step 804 decides that m = 2, that is, the acceleration control is involved, then step 808 makes 
75 knocking compensation IgN and surging compensation IgS for preventing the knocking or surging, as the 
case may be, with the acceleration, thereby calculates the ignition timing Ig from equation (5) below for 
smoothing the acceleration. 

Ig = Ig - IgN - IgS (5) 

20 

In the acceleration control, the value 1 or s is used as n (1, m) for the requirement of response of the 
engine with acceleration. 

If step 805 decides that m = 3, the engine speed N is compared with the fuel cut-off start engine 
speed N FC> and if the engine speed is excessive, that is, if N is larger than N FC , step 807 cuts off the fuel 

25 supply. In this control step, Gf is set to zero, and the ignition timing indicated by equation (4) is used. 

If step 804 decides that m is not 3, and that m = 4, it indicates the idle speed control, so that the 
process proceeds to step 809 for deciding whether i £ n (X , m) by comparing the number i of detonations 
from the start of transition start with the number n (I, m) of detonations for smoothing in the process of 
transition from condition I to condition m. If the decision at this step is "No", it indicates that i is smaller 

30 than n {I, m), in which case the transition is under way to the idle speed control. During the transition, the 
air-fuel ratio control is effected for producing the calculation values of Gf and Ig from equations (3) and (4). 
Upon completion of this transition process and if step 809 decides that the decision thereat is "Yes", step 

810 effects the well-known feedback control for requlating the engine speed N to the target value N, DL . This 
idle speed control is effected in such a manner that N IDL is applied to the air regulator 58 thereby to 

35 regulate the air flow rate of the bypass 56 to attain the engine speed of N, DL . 

Explanation will be made of the functions of the steps 811 to 813 and the output section 12. First, step 

81 1 determines the fuel injection time T, of the injector from the value Gf, coefficient k| and the ineffective 
injection time Tv of the injector obtained in the steps 801 to 807 as shown below, 

40 T, = k,Gf + Tv (5) 

and applies this value to the fuel injection unit 2 (steps 811, 812). The ignition timing Ig is converted into an 
electrical signal (pulse train) and applied the ignition timing unit 3 (step 813). 

In accordance with the control values thus obtained, the engine 1 is controlled, and the amount of 

45 oxygen in the exhaust gas is measured by the linear oxygen sensor 90 for use in the calculation at the 
mixing ratio adaptation coefficient updating section. 

The function of the mixing ratio adaptation coefficient updating section will be explained with reference 
to the flowchart of Fig. 9. Step 901 decides whether the condition transition is under way (i < n (Jt, m)?), 
and if the answer is affirmative, the operation is completed without updating the mixing ratio adaptation 

50 coefficient. If the decision at step 901 is that the same control condition (i £ n (I, m)) is undergoing, step 
902 supplies the air excess rate XA in the exhaust gas from the linear oxygen sensor 90. Step 904 
calculates the mixing ratio adaptation coefficient observation value K A from the input X A and the mixing ratio 
target coefficient K TR (l, Ga, N) used in the fuel injection calculation in the manner shown in equation (6). 

55 
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K TR U, Ga, N) 



1 



(6) 



5 



This observation value K A is liable to contain a measurement noise or measurement error, and in order 
to extract reproducible data from the observation data, step 904 smooths the mixing ratio adaptation 
coefficient K(l) by the adaptation coefficient K~ 1 (Jt) for the immediately preceding sampling time and the 
10 smoothing gain a (0 3 a £ 1 ) as shown in the equation (7). 



The updated value of the mixing ratio adaptation coefficient thus produced at steps 901 to 904 is stored in 
75 the history file 7 (step 905). 

The operating timing and data supply and delivery at each part of the control unit 15 will be explained 
with reference to Fig. 2. The control unit 15 has a computer built therein, which computer has a task 
controller for scheduling and starting programs (tasks). The method of program control which is well known 
is not shown. 

20 The task controller contained in the unit 15 energizes the condition discrimination section 4 (as seen 
from the flowchart of Fig. 5) immediately before the start of fuel injection at each cylinder with the rotational 
sensor 108 as a timing monitor. Upon completion of the process of Fig. 5, the task controller starts the 
history judgement section 5 (as seen in Fig. 6). The engine control condition m is delivered from the 
condition discrimination section 4 to the history judgement section 5. The history judgement section 5 

25 receives the data m~\ I, i, n (Jt, m) on the immediately preceding sample from the history file 7, and stores 
the result of calculation in the form of m, Jt, i in the history file 7. At the end of the processing at the history 
judgement section 5, the mixing ratio compensation factor determining section 6 (as seen in Fig. 7) is 
energized. The mixing ratio compensation factor determining section 6 receives I, m, i, n (1, m) as data 
from the history judgement section 5, and measuring the amount of intake air flow Ga, receives the value k- 

30 (1) from the history file 7. At the end of the process at the mixing ratio compensation factor determining 
section 6, the control unit 13 is energized. In the process, the control unit 13 receives data Ga, m, i, n (t, 
m). The result of calculation at the control unit 13 that is, Gf, Ig and N, DL are delivered to the output section 
12. These data are converted into physical values at the output section 12 and supplied to the fuel injection 
control unit 2 and the ignition timing control unit 3. The control units 2, 3 produce an output in synchronism 

35 with the engine speed. The task controller energizes the mixing ratio adaptation coefficient updating section 
14 (as seen in Fig. 1) at a time point where the detonation process ends. The mixing ratio adaptation 
coefficient updating section 14 receives the measured data of the air excess rate XA and reads the previous 
mixing ratio adaptation coefficient k" 1 (I) from the history file 7 and stores the updated value k(Jt) thereof in 
the file 7. 

40 It will thus be understood from the foregoing description that according to the present invention, the 
vehicle conditions and the driver's intent are detected at each time, and according to the result thereof, an 
engine control system to be employed is determined accurately. As a result, the present invention 
contributes to an improved driveability, an improved selection of an operating range which varies with 
vehicle types, an improved matching efficiency of a control system capable of making the most of the 

45 engine performance and an improved efficiency of software development for realizing them. 

Specifically, the desired value of air-fuel ratio can be always maintained in each engine control 
condition and in the transition between different engine control conditions. Therefore the variation in the 
exhaust gas characteristics is reduced and the fuel economy is improved. 

At the same time, less torque variations and vehicle vibrations with air-fuel ratio improve the driveability 

so and riding comfort. 

Also, since the proper mixing ratio target coefficient K TR (I, Ga, N) can be selected for each engine 
control condition in accordance with the driver's preference, a vehicle with superior driveability or high 
economy as compared with the prior art is realized, thereby meeting different requirements of individual 
drivers. 

55 At the time of matching the engine control system, the above-mentioned n (i, m) is adjusted 
individually for each transition thereby to improve both the driveability and riding comfort of the vehicle in 
the process of condition transition while at the same time reducing the work loads for matching. 

In transition to the acceleration control, for example, the value of n (t, m) which is normally set within 



K(I) = K~\l) + a(K A -K- 1 <*)> (7) 



9 



EP 0 286 103 B1 



the range from 1 to 30 is set to 1 , whereby the response is improved even at the sacrifice of the driving 
smoothness. 

Claims 

5 

1. A control system for categorised conditions of an engine, comprising 

operating condition sensors (77, 108, 90) for detecting the operating condition of the engine, 
actuators (2, 3) for operating the engine, 

condition discrimination means (4) for determining an engine control condition from the detected 
io results of the operating condition sensors (77, 108, 90), 

a memory (7) for storing engine control parameters, 

judgement means (5) for judging on a control mode of the engine from the control parameters read 
from the memory (7) and the output of the condition discrimination means (4), 

control means (13) including a plurality of control modes (8...11) corresponding to the control 
75 conditions to be determined in the condition discrimination means (4) and applying an operating signal 

to said actuators (2, 3) in each control mode in accordance with the engine control condition 
determined by the condition discrimination means (4), and 

parameter updating means (14) for extracting a control response parameter from the output of the 
operating condition sensors (77, 1 08, 90), thereby calculating a parameter and storing said parameter in 
20 the memory (7), 

characterised by 

driving sensors, including at least one of an acceleration pedal angle sensor (33), a brake pedal 
angle sensor (35) and a torque transmission sensor (75), for detecting the driving operation based on 
the driver's action, 

25 said condition discrimination means (4) detecting the current control mode (m) discriminated on the 

basis of at least one of said driving sensors (33, 35, 75), leading to a derived current control value (K- 
(m)), 

means detecting a transition from a previous control mode (I) to the current control mode (m) on 
the basis of a change of the output signals of said driving sensors (33, 35, 75), wherein the previous 
30 control mode (1) is related to a derived previous control value (K(l)), and 

means (6) calculating a control output applied to said actuators (2, 3) as a time-dependent function 
of the previous and current derived control values (K(t), K(m)). 

2. The system of claim 1, wherein said engine control conditions include an air-fuel ratio engine control 
35 condition, acceleration engine control condition, deceleration engine control condition and idle engine 

control condition. 

3. The system of claim 1 or 2, wherein said judgement means (5) judges whether the current discrimi- 
nated engine control condition is a continuation of the same previous discriminated engine control 

40 condition, and produces the correlated judgement signal. 

4. The system of any one of claims 1 to 3, wherein said parameter determining means (6) determines a 
ratio of a number corresponding to the time required for a smooth transition and a number correspond- 
ing to the time that has elapsed since the start of the transition, when there is a transition. 

45 

5. The system of claim 4, wherein said parameter determining means (6) determines the ratio as the ratio 
of the number of combustions required for a smooth transition and the number of engine combustions 
that have occurred since the start of the transition. 

50 6. The system of any one of claims 1 to 5, wherein the control parameter determining means (6) 
determines a fuel-air mixing ratio compensation factor. 

7. The system of any one of claims 1 to 6, wherein the amount of fuel injection and the ignition timing are 
calculated and produced in each control mode of the control means (13). 

55 

8. The system of any one of claims 1 to 7, wherein one of said operating condition sensors (77, 108. 90) 
is a linear oxygen sensor (90) for measuring the amount of oxygen in the engine exhaust gas as a 
control response parameter, and said adaptive parameter updating means (14) calculates a mixing ratio 
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adaptation coefficient and applies it to the memory (7). 

9. The system of any one of claims 1 to 8, wherein said operating condition sensors include a vehicle 
speed sensor (77), an engine speed sensor (108), a linear oxygen sensor (90) and an air mass flow rate 
5 sensor (24). 

Revendications 

1. Sy steme de commando pour des conditions de travail determinees d'un moteur, comprenant 

io des capteurs (77,108,90) des conditions de fonctionnement pour detecter les conditions de 

fonctionnement du moteur, 

des actionneurs (2,3) pour faire fonctionner le moteur, 

des moyens (4) de discrimination de conditions pour determiner une condition de commande du 
moteur a partir des r^sultats d6tecte*s des capteurs (77,108,90) des conditions de fonctionnement, 
75 une memoire (7) pour memoriser des parametres de commande du moteur, 

des moyens devaluation (5) pour decider d'un mode de commande du moteur a partir des 
parametres de commande lus a partir de la memoire (7) et du signal de sortie des moyens (4) de 
discrimination de conditions, 

des moyens de commande (13) comprenant une pluralite de modes de commande (8...11) 
20 correspondant aux conditions devant etre determinees dans les moyens (4) de discrimination de 
conditions et appliquant un signal de fonctionnement auxdits actionneurs (2,3) dans chaque mode de 
commande, en fonction de la condition de commande du moteur determinee par les moyens (4) de 
discrimination de conditions, et 

des moyens (14) de mise a jour de parametres pour extraire un parametre de reponse de 
25 commande, a partir du signal de sortie des capteurs (77,108,90) des conditions de fonctionnement, et 
de ce fait calculer un parametre et memoriser ledit parametre dans la memoire (7), 

caracterise par 

des capteurs de conduite, comprenant au moins un capteur (33) de Tangle de la pedale 
d'acceierateur, un capteur (35) de Tangle de la pedale de frein et un capteur (75) de transmission du 
30 couple, pour detecter Toperation de conduite sur la base de Taction du conducteur, 

lesdits moyens (4) de discrimination de conditions detectant le mode courant de commande (m) 
discrimine sur la base d'au moins Tun desdits capteurs de conduite (33,35,75), ce qui conduit a 
Tobtention d'une valeur de commande actuelle (K(m)), 

des moyens detectant une transition depuis un mode de commande precedent (1) au mode de 
35 commande actuel (m) sur la base d'une modification des signaux de sortie desdits capteurs de 

conduite (33,35,75), le mode precedent de commande (1) etant associe a une valeur de commande 
obtenue precedemment (K(1)), et 

des moyens (6) calculant un signal de sortie de commande applique auxdits actionneurs (2,3) selon 
une fonction, qui depend du temps, des valeurs de commande pn§cedentes et presentes obtenues (K- 
40 (1), K(m)). 

2. Systeme selon la revendication 1, dans lequel lesdites conditions de commande du moteur compren- 
nent une condition de commande du rapport air-carburant du moteur, une condition de commande de 
I'acceieration du moteur, une condition de commande de la deceleration du moteur et une condition de 

45 commande du ralenti du moteur. 

3. Systeme selon la revendication 1 ou 2, dans lequel lesdits moyens devaluation (5) determinent si la 
condition de commande actuelle discriminee du moteur est la poursuite de la meme condition de 
commande discriminee anterieure du moteur et produit le signal devaluation associe. 

50 

4. Systeme selon Tune quelconque des revendications 1 a 3, dans lequel lesdits moyens (6) de 
determination de parametre determinent le rapport d'un nombre correspondant a la duree necessaire 
pour obtenir une transition en douceur a un nombre correspondant a la duree qui s'est ecouiee depuis 
le debut de la transition, lorsqu'il existe une transition. 

55 

5. Systeme selon la revendication 4, dans lequel lesdits moyens (6) de determination de parametre 
determinent le rapport sous la forme du rapport entre le nombre de combustions necessaires pour une 
transition en douceur et le nombre de combustions du moteur qui sont apparues depuis le debut de la 
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transition. 

6. Systeme seion Tune quelconque des revendications 1 a 5, dans lequel les moyens (6) de determination 
de parametre de commande determinent un facteur de compensation du rapport du melange 

5 carburant-air. 

7. Systeme selon Tune quelconque des revendications 1 a 6, dans lequel la quantity d'injection de 
carburant et la sequence d'allumage sont calculees et produites lors de chaque mode de commande 
des moyens de commande (13). 

10 

8. Systeme selon Tune quelconque des revendications 1 a 7, dans lequel Tun desdits capteurs 
(77,108,90) des conditions de fonctionnement est un capteur lineaire d'oxygene (90) servant a mesurer 
la quantity d'oxygene dans les gaz d'£chappement du moteur en tant que parametre de rgponse de 
commande, et lesdits moyens (14) de mise a jour adaptative de parametres calculent un coefficient 

15 d'adaptation du taux de melange et I'appliquent a la memoire (7). 

9. Systeme selon Tune quelconque des revendications 1 a 8, dans lequel lesdits capteurs des conditions 
de fonctionnement comprennent un capteur (77) de la vitesse du vehicule, un capteur (108) de la 
vitesse du moteur, un capteur lineaire (90) d'oxygene et un capteur (24) de d£bit massique d'air. 

20 

Patentanspruche 

1. Steuersystem fur kategorisierte Zustande eines Motor, umfassend 

Betriebszustands-MeBwertgeber (77, 1 08, 90) zur Erfassung des Betriebszustands des Motors, 
25 Stellglieder (2, 3) zum Betrieb des Motors, 

eine Zustands-Unterscheidungseinrichtung (4) zur Ermittlung eines Motorsteuerzustands aus den 
von den Betriebszustands-Meflwertgebern (77, 108, 90) erfaJ3ten Ergebnissen, 
einen Speicher (7) zur Speicherung von Motorsteuerparametern, 

eine Beurteilungseinrichtung (5) zur Beurteilung eines Motorsteuermodus aufgrund der aus dem 
30 Speicher (7) ausgelesenen Steuerparameter und des Ausgangssignals der Zustands-Unterscheidungs- 
einrichtung (4), 

eine Steuereinrichtung (13) mit mehreren Steuermoden (8... 11), die den in der Zustands-Unter- 
scheidungseinrichtung (4) zu bestimmenden Steuerzustanden entsprechen und zur Zufuhrung eines 
Betatigungssignals an die Stellglieder (2, 3) in jedem Steuermodus entsprechend dem von der 
35 Zustands-Unterscheidungseinrichtung (4) bestimmten Motorsteuerzustand, und 

eine Parameter-Aktualisiereinrichtung (14) zur Gewinnung eines Steuer-Ansprechparameters aus 
den Ausgangssignalen der Betriebszustands-Mei3wertgeber (77, 108, 90), um daraus einen Parameter 
zu berechnen und diesen in dem Speicher (7) zu speichern, 

gekennzeichnet durch 

40 Fahr-Meflwertgeber mit mindestens einem Gaspedalwinkel-Meflwertgeber (33), einem 

Bremspedalwinkel-Meflwertgeber (35) und einem Getriebe-MeBwertgeber (75) zur Erfassung des Fahr- 

betriebs aufgrund des Fahrerverhaltens, 

wobei die Zustands-Unterscheidungseinrichtung (4) den aufgrund mindestens eines der Fahr- 

Mefiwertgeber (33, 35, 75) unterschiedenen gegenwartigen Steuermodus (m) erfaflt, der zu einem 
45 abgeleiteten gegenwartigen Steuerwert (K(m)) fuhrt, 

eine Einrichtung zur Erfassung eines Ubergangs von einem vorherigen Steuermodus (I) auf den 

gegenwartigen Steuermodus (m) aufgrund einer Anderung in den Ausgangssignalen der Fahr-Mefiwert- 

geber (33, 35, 75), wobei sich der vorherige Steuermodus (I) auf einen abgeleiteten vorherigen 

Steuerwert (K(l)) bezieht, und 
50 eine Einrichtung (6) zum Berechnen eines Steuerausgangssignals, das den Stellgliedern (2, 3) als 

zeitliche Funktion des vorherigen und des gegenwartigen abgeleiteten Steuerwerts (K(t), K(m)) zuge- 

fuhrt wird. 

2. System nach Anspruch 1, wobei zu den Motorsteuerzustanden ein solcher des Luft/Kraftstoffs- 
55 Verhaltnisses, ein solcher der Beschleunigung, ein solcher der Verzogerung und ein solcher des 

Leerlaufs gehoren. 

3. System nach Anspruch 1 oder 2, wobei die Beurteilungseinrichtung (5) beurteilt, ob der gegenwartige 
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unterschieden© Motorsteuerzustand eine Fortsetzung des gleichen vorherigen unterschiedenen Motor- 
steuerzustands ist, und das korrelierte Beurteilungssignal erzeugt. 

System nach einem der Anspruche 1 bis 3, wobei die Parameter-Bestimmungseinrichtung (6) ein 
Verhaltnis bestimmt aus einer Zahl entsprechend der flir einen glatten Ubergang erforderlichen Zeit 
und einer Zahl entsprechend der seit Beginn des Ubergangs verstrichenen Zeit, sofern ein Obergang 
stattfindet. 

System nach Anspruch 4, wobei die Parameter-Bestimmungseinrichtung (6) das Verhaltnis als Verhalt- 
nis aus der Anzahl von fur einen glatten Ubergang erforderlichen Verbrennungen und der Anzahl von 
seit dem Beginn des Ubergangs aufgetretenen Verbrennungen in dem Motor bestimmt. 

System nach einem der AnsprOche 1 bis 5, wobei die Steuerparameter-Bestimmungseinrichtung (6) 
einen Kompensationsfaktor fur das Luft/Kraftstoff-Misch verhaltnis bestimmt. 

System nach einem der Anspruche 1 bis 6, wobei die Kraftstoff-Einspritzmenge und der Zundzeitpunkt 
berechnet und in jedem Steuermodus der Steuereinrichtung (13) erzeugt werden. 

System nach einem der AnsprOche 1 bis 7, wobei einer der Betriebszustands-Me/Jwertgeber (77, 108, 
90) ein li nearer Sauerstoff-MeJ3wertgeber (90) ist, der die Sauerstoffmenge im Motorabgas als Steuer- 
Ansprechparameter mii3t, und wobei die adaptive Parameter-Aktualisiereinrichtung (14) einen 
Mischverhaltnis-Adaptierkoeffizient berechnet und in den Speicher (7) eingibt. 

System nach einem der AnsprOche 1 bis 8, wobei zu den Betriebszustands-Meflwertgebern (77, 108. 
90) ein Fahrzeuggeschwindigkeits-Meflwertgeber (77), ein Motordrehzahl-Meflwertgeber (108), ein linea- 
rer Sauerstoff-Mefiwertgeber (90) und ein Meflwertgeber (24) fur den Luftmengendurchsatz gehoren. 
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FIG. 4 
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FIG. 7 
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